Summary: Regional cerebral blood flow (reBF) during controlled hemorrhagic hypotension (140-20 mm Hg) was assessed 10-14 days after chronic unilateral sectioning of parasympathetic and/or sensory fibers innervating pial vessels in spontaneously hypertensive rats (SHR). reBF was measured in the cortical barrel fields bilaterally by laser Doppler blood flowmetry. Immunohistochemistry of middle cerebral artery (MeA) whole mount prepara tions was used to verify the surgical lesion. During hem orrhagic hypotension, reBF was equivalent on the two sides in shams, after selective sensory denervation, or in parasympathetically sectioned animals exhibiting small decreases (",;30%) in immunoreactive vasoactive intesti nal peptide (VIP)-containing fibers. After chronic para sympathetic denervation, decreases in perfusion pressure were accompanied by greater reductions in reBF on the lesioned side; changes in vascular resistance were also attenuated on that side. The reBF response to hypercap nia (Paco2 50 mm Hg), however, was symmetrical and
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The physiologic or pathophysiologic functions of nerve fibers innervating cerebral blood vessels are not well understood. Numerous studies have iden tified projecting axons from cell bodies in auto-robust. To examine the effects of impaired neurogenic vasodilation on the pathophysiology of cerebral ischemia, infarct size was measured 24 h following tandem MeA occlusion in denervated animals. Infarction volume was larger after selective parasympathetic sectioning (sham, 156 ± 27 vs. 196 ± 32 mm 3 , respectively) but only in those denervated animals demonstrating ?40% decrease in immunoreactive VIP-containing fibers within the ipsi lateral MeA. Lower than expected blood flow/perfusion pressure in the cortex distal to an occluded blood vessel may relate the observed blood flow responses to the oc currence of larger cortical infarcts in parasympathetically denervated animals. If true, the findings suggest a novel role for neurogenic vasodilation in the pathophysiology of cerebral ischemia and in reBF regulation within the peri infarction zone. Key Words: Sphenopalatine ganglion Vasoactive intestinal polypeptide-Middle cerebral ar tery occlusion.
nomic and sensory ganglia. These axons are unmy elinated or poorly myelinated and contain an abun dance of potent vasoactive biogenic amines, or neuropeptides such as vasoactive intestinal peptide (VIP) (Gibbins et aI., 1984; Hara et aI., 1985) , sub stance P (Edvinsson et aI., 1981) , neurokinin A (Saito et aI., 1987) , and calcitonin gene-related pep tide (CGRP) (Hanko et aI., 1985) , which either di late or constrict vascular smooth muscle (for re view, see Mackenzie and Scatton, 1987) . Recently, immunoreactive nitric oxide synthase was identi fied within perivascular parasympathetic nerve fi bers innervating cerebral vessels from the spheno palatine ganglion (Nozaki et aI., 1992) . Depolariza tion releases neurotransmitters from perivascular axons, and release has been demonstrated for sub stance P (Moskowitz et aI. , 1983) and CGRP (Franco-Cereceda et al. , 1987) .
Sensory or autonomic fibers may participate in the regulation of cerebral blood flow. Electrically stimulating the sensory (Suzuki et al. , 1990b) or parasympathetic (Seylaz et al. , 1988; Suzuki et al. , 1990a) innervation to the circle of Willis increases brain blood flow without affecting brain glucose me tabolism (Goadsby, 1989) . Moskowitz and col leagues found that sensory fibers, via axon reflex mechanisms, promote the hyperemia that develops in cortical grey matter during brain injury, and par ticularly during reperfusion following global isch emia, seizures, and severe hypertension (Mosko witz et al. , 1989; Sakas et al. , 1989; Macfarlane et al. , 1991) . Paras ympathetic fibers play a role during focal ischemia as well. Kano et al. (1991) found that cortical infarctions increased by 36% after unilat eral parasympathetic de nervation in Long Evans rats.
To pursue the possibility that parasympathetic and/or sensory fibers promote compensatory blood flow changes within the brain during vascular oc clusion, we examined the contribution of neuro genic mechanisms to blood flow regulation under conditions of reduced perfusion pressure. Our stud ies take advantage of recently reported elegant neu roanatomical studies in the rat that demonstrate that innervating parasympathetic and sensory fibers are recurrent nerves, reaching the circle of Willis after traversing the ethmoidal foramen (Suzuki et al. , 1988) . The contents of the ethmoidal foramen include the ethmoidal branch of the nasociliary nerve (a trigeminal branch), contributions from sphenopalatine (and perhaps other) parasympa thetic ganglia, and the external ethmoidal artery and vein. The contents of this foramen are accessible to surgical transection along the medial wall of the or bit; surgery does not require a craniotomy.
MATERIALS AND METHODS
Male SHRs (Charles River Laboratories, Wilmington, MA), weighing 200-300 g, were housed under diurnal lighting conditions and allowed food and water ad libitum.
Nerve iesioning
Rats were anesthetized with sodium pentobarbital (60 mg/kg, i.p.) and placed prone prior to preparing the skin with povidone-iodine (10%). A linear incision was made over the medial orbital wall and the globe retracted later ally to expose the ethmoidal foramen. In the sham group (Group A), only the foramen was exposed. In Group B, the contents of the ethmoidal foramen [the ethmoidal ar tery, vein, ethmoidal nerve (a trigeminal branch of the nasociliary nerve) and parasympathetic nerve fibers]
J Cereb Blood Flow Metab, Vol. 12, No.4, 1992 were electrocoagulated or ligated with two 5-0 silk su tures and transected within 2 mm of the foramen. In Group C, the sphenopalatine ganglion was removed, and the fibers coursing superiorly from the sphenopalatine ganglion to the ethmoidal foramen were selectively transected along the medial orbital wall adjacent to the foramen. In group D, the nasociliary nerve was transected 0.5-1.0 mm proximal to the ethmoidal nerve. Animals in group E underwent nerve sectioning either at the ethmoidal foramen (see Group B) or sphenopalatine ganglion (see Group C) but failed to show decreases of �40% in the density of VIP-containing fibers, ipsilaterally (see Immunohistochemistry below). After surgery, ce fazolin sodium (20 mg/kg, i.m.) was administered and the animals were returned to their cages and kept for 10-14 days prior to the study. The animals tolerated chronic nerve sectioning. There was no mortality from surgery and no major infections were observed.
rCBF measurement
Animals were allowed free access to food and water the night prior to surgery. Animals were anesthetized with a-chloralose (50 mg/kg, i.p.) and urethane (750 mg/kg, i.p.). Systemic arterial pressure was measured continu ously from the femoral artery. One femoral vein was can nulated for drug administration. After tracheostomy, an imals were placed in a stereotactic frame (David Kopf lnst., Tujunga, CAl and artificially ventilated (SAR-830 Ventilator, CWE, Ardmore, PAl with 30% O2 and 70% N2, and then paralyzed with pancuronium bromide (0.5 mg/kg, i. v.). Respiratory volume and rate were adjusted to maintain P a02 between 100-200 mm Hg, P aco2 between 30-40 mm Hg. Arterial pH, Pco2 and P02 (Corning 178 blood gas analyzer, Ciba Corning Diag., Medford, MA), hematocrit and blood glucose were monitored. Core body temperature was maintained between 36.0-37.0°C with a homeothermic blanket system. Two burr holes were placed with extreme care over the cortical barrel fields (AP -1.0 to + 3.0; ML ±4.0 to 8.0) using a dental drill cooled with saline, or a surgical blade to shave the bone gently. A thin layer of bone was also kept in place to prevent injury to the cortex but removed just prior to blood flow recording. The dura remained intact. Animals were rejected from further study if blood vessel or brain injury was evident on the dissecting microscope.
Changes in rCBF were recorded bilaterally using laser Doppler flow (LDF) probes (800-l-lm diameter) attached to a Laser-Flo model BPM403A (TSl, St. Paul, MN), (780-nm and 1.6-mW intensity). An internal filter with a time constant of 5 sec was used to dampen rapid signal fluctuations. LDF probes were advanced by a microma nipUlator so as to touch the surface of the dura mater without indenting it. To provide optimum LDF record ings, the dura was kept moist at the interface between the probe and tissue with artificial CSF (Na + 150 mEq/L, K + 3 mEq/L, Ca 2 + 2.5 mEq/L, glucose 3.7 mM, urea 6 mM, Focal ischemia study (Brint et aI., 1988) Animals were fasted overnight with free access to wa ter only. Anesthesia was induced with halothane (2%). Atropine (0.15 mg/kg, i.m.) was given before trache ostomy. Animals were connected to a ventilator (SAR-830 ventilator, CWE, Ardmore, PA, or rodent ventilator Type 7025 VGO Basile Biological Research Apparatus, Italy) delivering 1% halothane and 70% nitrous oxide in O2, and then paralyzed with pancuronium bromide (0.5 mg/kg, i.v.). The stroke volume and rate of the ventilator were adjusted to maintain P a02 between 1O<t-200 mm Hg, Paco2 between 30-40 mm Hg. The right femoral artery and vein were cannulated for monitoring MABP, blood sampling, and drug administration. Arterial P a02, Paco2, pH, hematocrit and blood glucose were measured at least twice. Core body temperature was monitored by rectal thermocouple and maintained between 36.<t-37.0°C with a Homeothermic Blanket Control Unit (Harvard Bio science).
The right common carotid artery (CCA) was exposed at the ventral neck for ligation after MCA occlusion. A l-cm skin incision was then made at the midpoint between the lateral canthus and anterior pinna in animals placed in the lateral position. The facial muscles were retracted and a 3-mm craniectomy was made at the junction of the zy goma and squamosal bone using a dental drill cooled with saline. The dura mater was opened with fine forceps. The right middle cerebral artery (MCA) was then ligated with two 10-0 monofilament nylon sutures just above the rhinal fissure and cut between two ties. The right CCA was then ligated with 5-0 silk and cut between two ties. Anesthesia was maintained for an additional hour. No additional medication was required. Mortality rate was < 10%.
Measurement of infarction volume
Animals were killed 24 h after surgery. The vessels of the circle were removed for immunohistochemistry. The brains were placed in cold saline for 10 min and sectioned coronally into seven slices at 2 mm intervals in a rodent brain matrix (Activational Systems, Warren, MI). Slices were placed in 2% solution of 2,3,5-triphenyl tetrazolium chloride monohydrate (TTC) (Chemical Dynamics Co, Piscataway, NJ) at 3rC in the dark for 30 min followed by formalin (10%) overnight. The infarct areas were mea sured on the posterior surface of each section (Bioquant IV image analysis system, EVEREX computer, MTI Vid eocamera, Sony Monitor Vision, Olympus SZH micro scope). The volumes were then calculated for each slice and for the respective hemisphere.
Hypercapnia study
Animals from Group C (removal of sphenopalatine gan glion and sectioning of parasympathetic efferents to the ethmoidal foramen) were anesthetized with (X-chloralose (50 mg/kg, i.p.) and urethane (750 mg/kg, i.p.) 1<t-14 days after nerve lesioning. Animals were placed in a stereotac tic frame, artificially ventilated with air, and paralyzed with pancuronium bromide (0.5 mg/kg, i.v.) after cannu lation of the femoral artery and vein and tracheotomy. Respiratory volume and rate were adjusted to maintain Paco2 between 30-40 mm Hg and body temperature was maintained between 36.<t-37.0°C. End-tidal CO2 (ETC02) was monitored (End tidal CO2 monitor Model 1260/7000, Novametrix Medical Systems, Wallingford, CT). Two burr holes were placed as described (see rCBF measure ment) and changes in rCBF were continuously recorded bilaterally as in the arterial blood pressure/rCBF experi ments. After 15-30 min equilibration, 5% COz/95% air was administered. When the rCBF stabilized after 6--10 min, the change in blood flow was recorded bilaterally. Paco2 was also determined.
Immunohistochemistry (Uemura et aI., 1987) Rats were killed by decapitation 24 h after CCA/MCA occlusion and the brain was removed. The pial arteries were dissected and immersed in fixative containing 1 % picric acid and 2% paraformaldehyde in 0.1 M phosphate buffer. For the arterial blood pressure/rCBF studies, rats were perfused via the ascending aorta with the descend ing aorta clamped. Animals were perfused with 200 ml of 0.9% saline followed by 200 ml of the above fixative so lution. Specimens from both studies were washed and placed for 30 min in phosphate-buffered saline (PBS) con taining 2% normal goat serum, exposed to rabbit antise rum against VIP (1:1500; Antibody no. A62258, Lot no. 8827009, Incstar, Stillwater, MN) or CGRP (1:2000; Code RPN .1842, Amersham, Arlington Heights, IL) for 24 hours. Tissues were incubated with biotinylated goat anti rabbit immunoglobulin G antibody and avidin biotinylated peroxidase complex (Vector Lab, Burlin game, CA) at room temperature for 2 h each. Immunola beled peroxidase was visualized by incubation at room temperature for 5-10 min with 0.015% diaminobenzidine tetrahydrochloride and 0.003% hydrogen peroxide in 50 mM Tris-HCl buffer (pH 7.6). The densities of VIP (Group B and Group C)-or CGRP (Group D)-containing fibers were assessed in both middle cerebral arteries. The MCA was chosen because it supplies blood to the cortical barrel fields and because the MCA receives its innerva tion from nerves traversing the ethmoidal foramen (Su zuki et aI., 1988) .
Estimates of the density of VIP-containing fibers were made independently by an investigator unaware of the treatment group and also by N.K. Specimens were ana lyzed in a random fashion. There was excellent agree ment between these raters. The animals in groups B, C, and E for both the arterial blood pressure/rCBF experi ments and infarction studies were grouped arbitrarily ac cording to whether the decrease in the density of immu noreactive fibers was �30% or �40%.
Data analysis
(a) Blood flow is expressed as percentage of baseline at 140 mm Hg and compared between the two sides at the specified MABP. A repeated measures analysis of vari ance (AN OVA) was used to determine whether the pres sure-flow curves on the unoperated sides were signifi cantly different in the five groups. A repeated measures ANOV A was performed within each experimental group to determine whether the pressure-flow curve on the op erated side was above or below the curve on the normal side. A similar method was used to determine whether the infarct area was different between sham-operated and parasympathetically denervated animals. The multiple comparison procedure used was the Bonferroni (-test (Miller, 1981) . (b) Percent change in vascular resistance was calculated using the following formula: Rx/Rb = (100) (MABP)MABPb)/(Fx/Fb)' where Fb and Rb repre sent values for flow and resistance at the baseline MABP (MABPb; 140 mm Hg), respectively. Fx/Fb refers to the percent basal blood flow at each MABP. Data are ex pressed as mean ± SD. Venous pressure was assumed to be very low but was not measured directly. (c) Infarct volume and cross-sectional areas are expressed as mean ± SD. Statistical significance of differences was deter mined by Student's (-test with a Bonferroni (-test for mul tiple comparisons.
Probability values less than 0.05 were considered sig nificant.
RESULTS

Immunohistochemistry
VIP-containing fibers were abundant within the large vessels of Willis' circle. A circumferential fi ber pattern was easily recognized. Nine of 13 ani mals exhibited ;:,:40% decrease in the density of VIP-containing fibers within the middle cerebral ar tery on the ipsilateral side after crushing the con tents of the ethmoidal foramen unilaterally. Nine of 10 animals exhibited ;:,:40% decrease in VIP containing fibers following selective parasympa thetic sectioning. The majority of animals in both groups exhibited reductions of 40-60% (estimate).
None of the sham animals demonstrated a signifi cant asymmetry.
The density of CGRP-containing immunoreactive fibers within the innervated middle cerebral artery was less than those containing immunoreactive VIP. Sectioning the nasociliary nerve caused an es timated 30-50% decrease on the ipsilateral side.
Laser-Doppler flowmetry
The initial MABP ranged from 130-160 mm Hg in the SHRs and there were no statistical differences between the tested groups ( Table 1) . Six of 55 ani mals were excluded from study because of low ini tial MABP. Minor postural adjustments were re quired to set the initial MABP at 140 mm Hg in some animals. Physiological data obtained at rest are presented in Table 1 . Arterial P aco2' P aOb se rum glucose, and hematocrit did not differ among groups. Arterial pH was slightly lower in the shams (Group A) (p < 0.05) for which we have no expla nation. (Group A; Fig. lA) . Sig nificant animal-to-animal variation was detected in the blood flow responses during controlled hemor rhagic hypotension. For example, at MABP of 90 mm Hg, 6 of 12 animals exhibited less than a 20% blood flow reduction (i.e., 84, 86, 91, 85, 93, 105%) whereas 6 of 12 animals demonstrated flows that were 55-75% of baseline values (55, 56, 64, 64, 73, 74%) . Despite these animal-to-animal variations, the mean reductions in CBF were symmetrical and nearly equivalent on the two sides during exsangui nation. Blood flow differed by less than 2% at each MABP except by 5% at 50 and 40 mm Hg; p > 0.05.
Sham-operated animals
Between 140 and 80 mm Hg, rCBF decreased from baseline by �25% whereas between 80 and 20 mm Hg, rCBF decreased from 75% to 15%. Percent change in vascular resistance decreased symmetri cally on both sides as MABP was reduced from 140 to 80 mm Hg (Fig. lB) . As perfusion pressure was lowered further, percent change in resistance in creased (data not shown).
Combined parasympathetic and sensory lesions (Group B; Fig. 2A ). rCBF on the unoperated side did not differ significantly from the sham group (Group A) during controlled hemorrhagic hypoten sion, although animal-to-animal variations were re corded as in the sham group. Significant differences in rCBF were measured between the two sides as MABP was reduced from 130 to 20 mm Hg (p < 0.02). Bonferroni t-test showed significant differ ences in rCBF at each MABP from 120 to 90 mm Hg (p < 0.05). rCBF was on average 11 ± 10% lower on the denervated side, and 18 ± 14% at 90 mm Hg. The first statistically significant decrease in blood flow (from 130 mm Hg) was measured at 80 and 110 mm Hg on the intact and denervated sides, respec tively.
Percent change in resistance was significantly at tenuated on the lesioned side (p < 0.005; Fig. 2B ).
Selective pa rasympathetic denervation (Group C; Fig. 3) . rCBF on the unoperated side did not differ significantly from sham. rCBF between the Glu, glucose; Hct, hematocrit. Physiological data (mean ± SD) obtained prior to controlled hemorrhagic hypotension in SHR anesthetized with urethane (750 mg/kg) and a-chloralose (50 mg/kg). Values did not differ between groups except that arterial pH was lower in Group A (*p < 0.05) versus Group C. Group A: sham-operated animals; Group B: combined parasympathetic and sensory lesions at the ethmoidal foramen; Group C: selective parasympathetic denervation; Group 0: selective sensory denervation; Group E: group B and C animals that exhibited a <30% decrease in the density of VIP-immunoreactive fibers within the ipsilateral MCA. 
Hypercapnia study
Group C animals inhaled 5% C02/95% air during which time rCBF was measured by LDF in the cor tical barrel fields. CBF increased within one minute after inhalation and stabilized by 6-10 min (data not shown). Paco2 increased from 32 ± 4 to 50 ± 2 mm Hg in this group. There were no differences in the mean rCBF values between the two sides. In this group, rCBF increased by 69 ± 54 and 68 ± 32% (n (n = 9) . The two curves were statistically different at p < 0.01.
spectively, although inconsistent differences in rCBF were measured between sides in four of five animals. Immunoreactive VIP-containing fibers were decreased within the MCA by ?o40% in the tested animals.
Infarction study
Infarction volume as assessed from seven TTC stained coronal brain slices was 155 ± 24 mm3 (n = 30) in the sham-operated SHRs (Fig. 6 ). Infarct vol ume was approximately 23% of hemispheric volume in this group. Infarct size was increased in Group B (200 ± 13 mm3; n = 10; p < 0.0005) and in Group C (198 ± 29 mm3; n = 10; p < 0.005) as compared to the sham group, but was not increased after selec tive sensory denervation (Group D; 140 ± 33 mm3; There were no statistical differences between these pres sure-dependent blood flow values and those recorded in sham-operated animals. n = 9), In those animals showing small reductions (,,:;30%) in the density of immunoreactive VIP containing fibers after surgical sectioning (Group E), the volume of infarction was the same as the sham group (154 ± 32 mm3; n = 6), Infarct areas in slice no, 3 and no, 5 were signif icantly larger than sham after selective parasympa thetic denervation (Fig, 7) , 
DISCUSSION
Sectioning the parasympathetic but not the sen sory innervation to the circle of Willis in SHR in creases the volume of infarction by -30% (from 155 to 198 mm3). These findings confirm the results of published studies by Kano et al. (1991) in the nor motensive Long Evans rat following distal MCA and temporary common carotid artery occlusion. In more preliminary work, Huang noted larger striatal infarcts after proximal MCA occlusion in halo thane-anesthetized Sprague Dawley rats (unpub lished observation), and larger cortical infarcts after tandem occlusion in Fisher-344 rats after chronic parasympathetic sectioning (Moskowitz, unpub lished observation) . Kano et al. (1991) determined that infarct size increased whether or not animals were anesthetized with halothane, chloral hydrate, or xylazine and ketamine, or whether animals were ventilating spontaneously or artificially. Based on these findings, we conclude that parasympathetic fibers modulate cortical infarction size in the rat regardless of anesthetic, site of vascular MCA oc clusion, or strain.
Important changes in rCBF/perfusion pressure were observed by laser Doppler flowmetry after se lective parasympathetic denervation in SHR. We suspect that denervation may have had an even greater impact on blood flow had the drop in perfu sion pressure been more abrupt (to simulate the changes in perfusion pressure distal to an MCA oc clusion). Blood flow was significantly lower on the denervated side when MABP was reduced from 140 mm Hg during controlled hemorrhage ( Fig. 2A) . Hence, vascular resistance was greater on the de nervated side and the resistance change to reduced perfusion pressure attenuated. Nevertheless, Fig.  2B shows that denervated vessels do autoregulate, but at a higher resistance. The rCBF responses to increases in P aco2 were not impaired after chronic parasympathetic sectioning, thereby confirming that neurogenic (parasympathetic) mechanisms do not mediate the blood flow responses to P aco2 (Heistad and Kontos, 1983) .
We suggest that hemodynamic mechanisms such as impaired vasodilation may explain the occur rence of larger infarction volumes after MCA occlu sion following parasympathetic denervation. As noted, perivascular parasympathetic fibers contain potent vasodilating molecules which can be re leased during electrical stimulation to mediate ves sel relaxation and blood flow increases. With dimin ished perfusion and in the presence of parasympa thetic denervation, we presume that impaired vasodilation and low blood flow caused the isch emic lesion to increase in size in the border zone of the infarct. Consistent with this formulation, the area of infarction in SHR enlarged especially along its superior (paramedian) and inferior (inferior neo cortex) margins (data not shown), as demonstrated previously in Long Evans rats following denerva tion and MCA occlusion (Kano et aI., 1991) . Appar ently, even small reductions in rCBF (as observed in denervated vessels during hypotension) may af fect tissue outcome during focal ischemia, and this observation has been reported by others within the periinfarct zone and ischemic penumbra (Hakim, 1987) . Although absolute measurements of rCBF under resting conditions and during hypotension will be needed to confirm our speculations about the hemodynamic consequences of denervation and hypotension, the findings reported herein suggest a possible role for neurogenic parasympathetic nerve fibers in the development of collateral blood flow within brain during focal ischemia. Differences be tween the anesthetic regimens for the blood pres sure/rCBF and MCA occlusion experiments are noteworthy, although enlarged infarcts occurred af ter each of three anesthetic regimens. Only a-chlo ralose and urethane were administered during the blood flow experiments.
Parasympathetic fibers project from multiple sources including the otic (Walters et aI., 1986) and carotid miniganglion (Suzuki et aI., 1988) . Multiple sources as well as bilateral projections (unpublished observations) probably contributed to the subtotal decrease in VIP-containing fibers after denervation. Important strain differences exist as well. For ex-ample, 80% of Long Evans rats (n = 14), 70% of Sprague Dawley rats (n = 13), 60% of SHR (n = 41) and 40% of Wistar rats (n = 50) showed at least �40% depletion after destroying the contents of the foramen (unpublished data). In some species such as the cat, numerous small satellite parasympa thetic ganglia project to the circle of Willis in ad dition to the sphenopalatine ganglion, and contra lateral contributions have also been noted (Gibbins et al., 198 4) . Of interest, the acetylcholine synthesizing enzyme, choline acetyltransferase is not depleted by sphenopalatine removal in Sprague Dawley rats (Hara et aI., 1989) , again suggesting the existence of neural projections from multiple gan glia, and the greater importance of VIP, nitric oxide (Nozaki et aI., 1992) , or other releasable vasodilat ing substances to brain blood flow regulation as de scribed in the present study. Of note, differences in rCBF and infarction volumes occurred only when surgical sectioning reduced parasympathetic nerve density by �40%.
The findings reported herein may be relevant to conditions associated with autonomic parasympa thetic neuropathy such as diabetes mellitus, and may provide one explanation for the propensity of these patients to develop both large cerebral infarc tions and disturbances in perfusion pressure dependent cerebral blood flow (Bentsen et aI., 1975) .
